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© Microcellular heterocyclic polymer structures. 

© Highly useful novel microcellular polymeric structures, 
especially films and fibers, are- prepared from certain solid 
polymers. Aromatic polysulfones, polyimides, polyhydan- 
toins, pofyamides and potyparabanic acid are the preferred 
polymers for the novel structures of the invention. 
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1 " The technique of casting polymeric articles 

2 is old and well established. In general, there are two 

3 approaches to casting One^ of : these xs l casting either 

4 a monomer ic or partially polymerized syrup into a mold 

5 or shape and conveying this into an oven or. autoclave in : * 

6 £ order:- to finish polymerizing the article with a tempera- 

7 : ; ^tur^^ treatment.; The" other general type of casting in- 

8 vblves solution casting which is also a long utilized 

9 technique for producing plastic film and sheet materials. 

10 The general . technique of solution casting^ in-- 

11 ~~volves~ forming a solution of the film-forming polymer .a-,. - 
1^ - suitable "solvent, casting the resulting solution on a 

13 suitable s\i£strate, evaporating the solvent and "winding! ^ 

14 the resultant 'filna 'on; rplls : . ; 

15 Usually solvent recovery systems are employed 

16 in order to recover .the solvent and minimize the loss of 

17 an expensive process component. 

18 Solution cast opaque films have been conven- 

19 tionally prepared by adding pigments, fillers, flame re- 

20 tardants and solubilizers to a solution of the film-forming 

21 material, which pigment acts as an opacifying agent. With- 

22 out such an agent, such film would be colorless or transj^_ 

23 ""■ parent". " Opacifying agents often embrittle^ the film. . 

24 Various processes have been described in the art 

25 for preparing opaque films which rely for opacity upon" 

26 presence of a large number of. voids in the film." 

27 Such films may be prepared by depositing a film from an 

28 emulsion, i.e., either an oil-in-water or a water-in-oil 

29 emulsion. 

30 When a water-in-oil emulsion is used — i.e., 

31 one in which minute droplets of water are dispersed in 

32 a continuous phase of a film-forming material— the emul- 

33 sign is deposited as a coating and the organic solvent 

34 which comprises the continuous phase of the emulsion is 

35 evaporated therefrom. This causes the gelation of the 
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1 film-forming material ana entrapment of the dispersed 

2 water droplets. The water isjthen evaporated leaving 

3 microscopic voids ;throughout the^film structure. 

4 ># still another* technique for obtaining a porous, 

5 opaque, nonpigmented film -is set. forth in U.S. Patent 

6 wo. 3,031,328 .. Basically, this process contemplates 

7 preparing a solution of' a thermoplastic polymer material 

8 ,in a mixture of " a volatile organic solvent and a volatile 

9 i non-solvent : liquid which, has . an evaporation .. rate ■ subr_ ;t . 

10 stantially less' than Jtl^t pf^the. solvent. ^The^ clear 

11 homogeneous- solution is tlie^oatea on a s^itabl^^cgng ; 

12 material andr dried by evaporation to, produce an opague 

13 blushed film which.; is adapted to. be rendered locally teans- 

14 parent_by heat^ or . pressure. - These f U»s .axe ^seft* r 

15 recording filas-^^.j. ;~\ '. /.•■'x;;.'-^ • ■« -v*".,. v:' ~, -V-"-^—.?^ '^J'ix.Hk ■ ^ 

16 : - Other , techniques, for forming .opaqqeV porous^ , 
IV nonpigmented, ndcrpporous Tthermpsettiig. f ilms. , ax*; setT ^ ; 

18 forth ^' -n.s.- Patent No s 3.655,591. , 3^£ .- : • , ; ■; - j 

19 , ..-.^Nevertheless, in "spite ."'of, the ; above, ^Qrt- has ^ 

20 never appreciated" the "unique articles^which^result when^.a . . 

21 specific type of polymer •. is! cast" in ^certain manner to" 

22 produce an essentially nonpprous , nonf oam. micrpcelluiar • J : 

23 .structure, which has. unique and unusual, properties and is . ££ 

24 incidentally opaque- The art has concentrated on tech-, . 

25 niques wherein the opaqueness is the sine, qua non of the 

26 structure and the other properties are not if.signifi- 

27 ■ cancev- •" \ :- • ~ :~ 't*y~:.l •«■..-•: I z -rc-q 55. 

28 in accordance with the present invention, unique ^ 

29 microcellular, nonporous, nonfoam polymeric articles such J 

30 as films and . fiber s r are prepared bjr a nove : l solvent /non- 

31 solvent casting technique. , •: . , 

32 v. ; -It is. known that . films ,. fibers . a^nd : other struc- 

33 - tures can. be made. out of solvent cast. polymer* such^ as ; 

34 tin, rrtr~r« — -'" «- ^ e ntNo. 3.661,859. Those par- ^ 

35 ticular polymers are referred to. a l,3-imidazolidene-2,4 ,5- 

36 ,trione-l,3-diyl.^ The repeating, he terocycliq ring ^structure 

37 of these polymers is shown as follows: 
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3 

g .*r>: ~u.: .2*. ^fr- o : o"-^-?;'- ^s-"'-- s qo r.oU number fromslOxc 

7 slx.t*i:<-? fee. '-^.vlui. alae:»c J:*3.rc* ^Sa 1 : 00 ? -x« ~ r:i . 

8 These^and""' similar" polymers "and^ processes' for' their prepara- 

9 tion lire' disclosed ; in' tf. S'." Patents! 3 ,591,562 ; 3>547>BS7 ;c 

10 3 ,66r,859 r 3,684 f 773 ? 3,637,843? and 3,635 f 9t)5.: vfr ^ v- „ . 
^ . / other preferred polymers are "aromatic : polyamides ,; 
12" s; arbmatic "polysnit ones, arid polyhydantoins which* have been . : 

13 described .In "the art.; see? 1 for instance; Netherlands r 

14 6829916 , Belgium 723,772 ; German 1,807 ,742 ;^. 1,805 ,955 ; s- 

15 l,812"rtW2 > 1,812,003 ; and 1,905, 367 Polyimides are well- ■ 

16 knoTO "an^arft- fleseribed in such -publications as : British .i 

17 1,240,665 ; D.S. 3 , 486 , 934 j J U;S f, 3,536,666 £ French.- " 

18 "1,488,924 ; French' 1,549 ,101 ? Russian 218,424 ; German 

19 " 1^301,114 ?~ Netherlands ' 7 ,001>648 and the like. - ; - • 

2 0 ° ' ! r ' ^ ' The" detailed ' preparation" of these polymers ; and 

21 iolutibns* "of ^ these polymer s' ijv^ suitable solvents are. set 
2 2 forth in the above -recited patents and' others also in the 

23 art, and therefore need not be repeated here except as is : 

24 necessary to understand the invention. ' — ■ - - 

25 "The preferred microcellular structure- from the 

26 polymers of the invention are characterized by high temp- •■■ 
27~ "erature thermal stability, organic solvent resistance, 

28 ^relatively high tensile modulus/ tensile strength and. 

29 ultimate "elongation with ^low- shr inkage at high tempera- 

30 tures and are slow smoke formers when ignited. " " "- 

31 ' *''^ : - tl No^crocellular i fiim^ : £r6tf-tiie preferred polymer 

32 have relatively 1 high dielectric- strengths." These proper- 

33 ties hiVe been- found'-to off erf outstanding advantages when 
'34 used las" filins in flexible circuitry /• for" use in auto 

35 air^Wg circuits) light monitoring circuits, and telephone 
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1 circuits because of their ability to^ be soldered. _ They 

2 also; are useable for fibers , where high tenacity and modulus 

3 are required. ^ v * , w Aj . r *- - ------- 

4 ■ : _ " However, in these applications , the structure 

5 has a relatively high cost per unit of weight. It would 

6 be" desirable to have a stariictural article possessing^ es- 

7 sentially the outstanding properties of the above-described 

z. ^ • <> -: ,.zs;-:-:f.Ci ^* ~ - v 

8 noncellular film so that it can be used for the applica- 

9 tions listed above, but it would be less dense* If pro- 

10 ducts of" low density and still superior properties could 

11 be obtained/ it ^wouid mean that a novel new structure of 

12 outstanding cost-pier formance utility would exist. 

13 It has been discovered and forms the fundamental 

14 substance of the invention that such relatively low density 

15 microcellular structures c air be prepared and are novel 

16 themselves. These films are very thin and" are essentially 

17 nonporous, i.e., they are made up of closed cells. The 

18 technique of preparing them forms a portion of this in- 

19 vention. 

20 ~ If the advantages delineated above for the lower 

21 density material" were all" that the material contributed, 

22 its existence would be welcomed and its utility" would be 

23 considered outstanding. Notwithstanding the outstanding 

24 utility of the lower density material , it has been dis- 

25 covered that the material has additional "unique properties 

26 of its own which make it extremely valuable in addition 

27 to those properties enumerated above. 

28 The preferred polymer species of the invention 

29 are polymers of 1, 3-imida2blidene-2 / 4, 5-trione, i.e., 

30 polyparabanic acid, herein referred to as PPA; and poly- * 

31 (imino-1 , 3-phenyleneiminocarbonyl-l , 3-phenylenecarbpxyl) , : 

32 hereinafter referred to as IPP. The particular conditions, 

33 reagents and uses are especially well-suited for the PPA 

34 or IPP polymers and structures resulting therefrom. Never- 

35 theless, it must be emphasized that other polymers of this 

36 invention can be handled in an analogous manner to make 
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1 structures* which have J some "similar properties * These ~ 

2 - J latter include^ ther soluble ' polyamide-imide , pdlyimides , 

3 polysulfones r polyamides, and various soluble polyhydan- 

4 toins, 

5 15 1 In general/ the polymers of "the invention" will 

6 be" comprised of sufficient repeating™ units to be solids 

7 at room temperature,^^ The^ repeat contain 

8 heterocyclic ring's."' y A " " " '* 

9 The heterocyclic ring will be 5-member;ed and 

10 will contain carbon i "and nitrogen linages wherein at 

11 least two of the carbons will be in the form of carbonyl 

12 groups/ iTe., 6 which" are separated by a nitrogen atom. 

14 - r . ; Examples of heterocyclic rings which fall in 

15 this case are: r ^ r : * / : ^ y -r 

16 . .,\ 0 . - . , - , - ^ ... - \.... : \ - 

„ - H ■ 

17 c ... 

18 n . Pply ( (parabanic acids); 

19 C C 



21 " -., O ""'].,,■■..- r l^ , • •:. 

Il - , . . . 

22 c ••• ■ - .- - ■- r ' - • 

„ ... - / \ ~. ^ :• -.V. 

N N— , . „ Poly (hydanto ins ) ; 

24 . / • G— — C - — R . . v . . -I *• . 

25 , ' 0^ . ■ •• I ^ - ; " ~— ' ••"•^ " 
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8 li. - - "other preferred" polymers r* have repeating units 

9 as"- follows : " ' : ' ;Co£ '-o *-r:s - v*/vr I.vr:^i-:"T 

10 ' ' 

H I r- — C— — : — N J' Poly (amides) 



12 

13 or 





14 \ , _ _ 

15 ,r T" — ^~fr R S — —}— Poly sulf one. 



15 ^ri-rp- . SI o / P - Aromatic, or i:*lv 

17^.- -w - r f ;^ ^ - ^ ^ .substituted 

18 " rv "* ' ' " : "'■*; z' ' aromatic* nucleous, 



ig Wherein z.is. a number front- 20 to 1,000, prefer- 

20 ably 50 to 200. 

21 . Although casting in general is a relatively 

22 well-known process, r for each polymer and solvent system 

23 there are unique problems brought about by the particular 

24 solvents which must be used and the. properties of the 

25 polymer itself . Very ; generally, PPA's^are soluble in 

26 moderate hydrogen bonding dipolar, aprotic solvents. 

27 This presents a. practical problem. in casting, since 

28 solvents which are available at a reasonable cost have 

29 relatively high boiling points and are of low r yolatility, 

30 ^except at relatively high temperatures • , _ The effect of 

31 these parameters is .that when PPA.is cast into even 

32 relatively thin structures, a film, for instance, it is. 

33 relatively difficult to remove the last small amounts of 
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1 solvent from the structure, e.g., film. 

2 For instance, dimethylformamide (DMF)-is con- 

3 sidered to be one of the best solvents for workingr.with 

4 PPA solution formulations^ ^it* boils at 156 °G and its 

5 excellent solvating effect results in the fast dissolu- 

6 tion of PPA along with the formation of low viscosity 

7 solutions. 0 

8 Nevertheless ,. this combination of low volatility 

9 and: high solvation, which characterize:, a . good ^solvent makes 

10 the removal of the last amounts of solvent from even thin 

11 structures such as films very difficult. Therefore, film 

12 casting processes must be conducted with extremely high 

13 drying temperatures in order to get : good sol vent removal 

14 at reasonable production rates. / : 

15 In accordance with this invention, low density 

16 nonporous, microcellular film structures , e.g., PPA, 

17 aromatic polyamides and others listed above are prepared 

18 by first solvent casting of film. Prior to complete dry- 

19 ing, one . precipitates the" film "by contacting the film 

20 with anrantisoivent, such as water! A basic requirement 

21 for.the antisoivent is that it be miscible with the solvent 

22 in the polymer solution, 

23 " ^ More specif ically / the inventive process involves 

24 the steps of: , - . 

25 (a)~ preparing a casting solution of the polymer; 

26 (b) casting a wet film onto a surf ace or ex- 

27 ~ truding a fiberT^ " ' «■■•-*-'-•- 

28 (c) paritally drying the cast film or fiber; 

29 (d) * contacting the wet film with an antisolverit 

30 such as water; and - - ~- *, '-■ - 

3^ " (d) reW>viiig solvent and antisolvent by r com- : 

32 ' pletefy drying the now nonporous 1 , microcellular 

33 ' — article." ' " ~ 

34 * in order to obtain a film with' very low density, 

35 one can eliminate steps (c) and for step -(d) , expose the 

36 film to an "atmosphere of high humidity. L ' 



0038885 

>£- ■- •• - 8 - , . • • 

1 Additives/ such as flame retardants, oxidation 

2 inhibitors', plasticizers etc. , : should be. dissolved in 

3 jthe solvent with thee resin prior to. casting. 1-:, ; V .j 

4 ^ T The- solvents ' whichlcan be^ employed . in accordance 

5 with this, invention are moderate hydrogen^ bonding, dipolar , 

6 aprotic- solvents. v.: These, solvents ,have_ been described in 

7 U.S. patent. Mo. 3^661,859 .- - The : preferred solvents are 

8 N/N-dimethylformamide ^N-roethylpyrrolidone, N,N-dimethyl- 

9 acetamide , and dimethyl- sulfoxide. ;, ; - 1 

10 . x - r The/ antisolvents as mentioned^ above must be .. 

11 miscible with the solvent.. Typical of the antisolvents 

12 are water, aliphatic,, alcohols; such -as methanol, ethanol r 

13 propanol, butanol , r and /the like; aliphatic ethers such 

14 as methyl ether, ethyl. ether, methyl ethyl ether, propyl 

15 ether, methyl propyl ether, ethyl, propyl ether and, the 

16 like ; and aliphatic ketones such as acetone , di-ethyl 

17 ketone, methyl;, ethyl ketone and the like. The preferred 

18 antisolvent is, water- ^ e -•- " z; 

19 : The concentration of "„ the resin in the -solution 

20 —should be such as to , not produce a viscosity which would 

21 .make the solution too difficult to handle. Typically, 

22 the suitable viscosities can be determined by simple ex- 

23 perimentation •> : * r : . : »: '.":</: 

24 r Generally, for ease of operation, the concen- 

25 tration, of the resin in: the casting solution may be such 

26 that the Brookfield viscosity at 25 °C is between about 80 

27 and about 800 poises. _ Desirably, the; c viscosity f or the . 

28 greatest, ease of operation can be between about 200 and 

29 300 poises. 1 : : : '\ ni . T: : 

30 ^ Prior t.o. casting,, it is desirable to filter the. 

31 casting solution so as. to remove any^trash and gel P a . r " 

32 tides. - r.r: • ' \ . 7 ..- . - i:r:'3 — : \r; 

33 jl^.:- In general, there are two methods according to , 

34 the invention that can be used at step (d) described above 

35 to form the novel cellular articles of the invention. v 

36 These are: - . „ T 



f 
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1 (a) Method' 1 - The wet film or. fiber, is 

2 exposed to an • atmosphere * of high ; water humidity, u 

3 followed by a direct-water -washing,- followed: by/.- z, 

4 ft ^drying. As is true- of "all of the techniques , 

5 the- thickness*" and: shape of the structure is. con- ,-;.;:t<^- 

6 trolled by its original cast- or: extruded thicks ^ jo^ v ^ 

7 ness'-and^ shape and solids 'content! _*J Precipitating^^J. 

8 * J the "structure iri~ r a high humidity environment* '.-\,rJt-\: ■ /A. 

9 rather than initial direct water contact isr im-±rr ^ 

10 portaht. . The reason is T that too rapid precipi- 

11 tation and solvent removal will "cause wrinkling ; : 

12 * of : the structure, whichP is very undesirable, - v 

13 .~ : (b) Method 2 - The wet structure, e.g. , ^ b j^:: 

14 -film or fiber, is obtained by solvent casting »■'■ 

15 or extrusion; then it is partially dried to a . ? 

16 greater or lesser • extent. This "serves two 

| 17 ' "purposes; prevents wrinkling and increases the 

? 18 density of the structure. Then it is water 

J 19 - washed : and dried completely. The density will 

i . 

20 : vary according -to "the amount of solvent removed : : 

21 ■ in the initial drying step. ... /-.:* - 

22 Method 1 gives a density of about 0.45-g. per- 



23 cubic centimeter > Method 2 gives a density varying from 

24 about 0^3 to 1.5 and preferably 0.3 to 1.2 gw per~cubic 

25 centimeter . When operating in the solution casting mode> 

26 the following considerations will be pertinent.* 

27 Density is largely dependent on the weight frac- 

28 tion of polymer in the wet film at the instant precipita- 

29 tibn occurs . Casting solutions of PPA ranging above 30 

30 weight^ percent resiV are difficultly handled in r conven-- 

31 tional solvent casting equipment due to their very high i" 

32 viscosity. The high viscosity solution can nevertheless 

33 be readily obtained through extrusion through ah appro-— 

34 priately shaped die. ; ' _' : - ■•***- --^l- 

35 The method 1 technique contemplates the use of 

36 the most viscous solution that can be handled, i.e., 
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1 20 to 50 weight percent PPA depending upon molecular 

2 weight of the polymer. 

3^ ■ -,c : : Method 2 permits the. use of a more- dilute^, solu- 

4 :«r tion with - its concomitant eas iers handling * advantages , and 

5 v relies _upon: the .evaporation of more solvent ; from the film 

6 after; it^ is cast and prior to first precipitation i ? ; • -> 

7 zz* : This .allows r a wider grange *of densities that can 7 

8 be obtained by .Method l.'-tr* -rric^-D r-V. r.t n\-- - ; ; ■ 

9 The practical limit ..which sets the maiximum den-." 

10 sity which. can. be. obtained in Method 2 is. the. minimum : 

11 amount . of solvent which must remain in the! polymer . in order 

12 for precipitation to. occur when the cast polymer solvents 

13 structure is contacted with: water r or other- antisolvent* 

14 : . The minimum density of Method: 2 = is . limited, by ' :r. 

15 the : maximum' amount of solvents that can. be left in .the .wet 

16 film at the precipitation^ step >; which, will not cause sur- 

17 face wrinkles on, the film otr fiber surface. - This will, vary 

18 depending ' on the choice of anti-solvent- as- can be simply 

19 determined.:- . ^-yl^" X Ccs r . - 7 -rr ~ ■ - 



The range.of densities- can be further : increased 



20i>- - f- 

21:: by : (a) - calendering the : - resulting^ cellular /film, (b) 

22 orienting the : filmland . the fibers, to elongate and^reduce- 

23 the volume of the cellular portions,, or (c) r the use of 

24 different mechanical equipment designed to handle the ex- 

25 tremely viscous- polymer solutions ,~ for example slot ex- 

26 truders.- That latter approach: would increase: the density 

27 of the~microcellular ; material ^apporoximately proportionately 

28 to the amount of solvent^ reduction in the original polymer 

29 solvent solution. : Thus when solution extrusion equipment 

30 is used, much higher polymer solvent contents can be 

31 handled- as compared to the casting methods described, above. 

32 In accordance with this invention,, the, nonporous 

33 microcellular- structures can be prepared - as... a free film, 

34 a permanent coating on a surface or as an impregnating 

35 substance. ir ~.,_ v "...- :* i'^" n; . : «c;, u - 

36 . - The free film is prepared by- laying down a layer, 

37 of casting solution onto the desired flat surface which . 
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1 conyeys^the_wet„layer„ sequentially into a drying zone 

2 spr^as ,to> partially; dry; the\ film/ a water zone : (bath , v v 

3 vapor or> spray) rand -to av final drying *: zone. Suitable sur- 

4 faces which ; may "be employed : are metal, "which.* has -been"**'*'-. 

5 polished; or embossed,:: chrome, plated metals, - release paper 

6 and others known in the casting art." When needed ,~a:re- ' 

7 lease agehtican.be included in the casting solution to 

8 facilitate / removing the finished * film: from** the casting ,~ - 

9 - surface. r : As indicated above, so as to obtain r a very- low 

10 density: film; the first drying step* can be. eliminated 

11 :vv j :Suitableri equipment", f or ~ laying down the wet- 

12 film .of casting r solutions are casting boxes , reverse roll 

13 coaters and pressured extrusion' dies. -The choice dependes 

14 upon the thickness of wet film to be laid down arid the 

15 v viscosity of the casting solution . " With casting 7 solu-, 

16 tions having a Broodfield viscosity less than 200Vpoises^ 

17 one can employ a reverse roll coater. Intermediate vis- 

18 cosities andr wet film thickness 7 are handled best by cast- 

19 ing boxes. ^ The' typical ranges are Brbokfield viscosities 

20 of 100 to 300 poises at r wet film thickness of^lO tb-30 — 

21 mils. Very- high viscosities, 300 to 1000- poises- require 

22 extrusion die* equipment ! . * — - 

23 " : The wet film expos ed : to the first drying zone 

24 will have ^ the'^ initial composition of the casting solution. 

25 'Z After partial* drying or. in the absence of the partial 

26 drying; step, - the solvent content of the film should r 

27 preferably be between about 20% to 50% by weight. r Never— 

28 theless, greater or lesser percentages may be employed. 

29 * However, if? less than 20%' solvent is present,* the desired"^ 

30 cellular structure will be formed in." the water zone slowly 

31 and the cellular-structure will not be- as- perfectly formed. 

32 If the residual" solvent is greater than 50%, the rate of 

33 water absorption will be too rapid causing the film to be r 

34 deformed. In between" a well-formed cellular^ structure will 

35 be produced* with little or no film deformation. - 

36 The water zone may consist of water vapor, water 

37 spray, a water bath, or any combination of these as long 
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1 as water is rapidly absorbed by the- film. In addition to 

2 water being absorbed into the film,. 'solvent is extracted 

3 - from the film such -that 'the solvent .content of the micro- 

4 '.Stellular film shcfcllf'be; Me-^^'^^^i^^ 

5 drying step, the micrbceliul'ar film wiil €end to m e°lt with 

6 ~ loss of microcellular structure if 1Ae solv^'coirte-nt is 

7 much greater than 10% . * ' x ^' c: ■ " ' ' — ' : - • 

8 As ' the film impartially ^ied*' wd WitisMa- 

9 ■ tacted with water, the' film thickness aiid ceil di^neterl 

10 will decrease ' due T to removal of solvent. * i '" lk " 

11 ; ' The film is dried in a final drying zone" which ■ 

12 preferably is a stage zoned oven'having temperature gradi- 

13 ent of from 175 to 270»C. The final solvent content is 

14 usually < 3000 ppm. : A further 'reduction' in ^ ' filiT^i^xes/ 

15 and cell diameter occurs during^ the^final" drying . : 
16^'"- The properties of the finished' microcellular 

17 film' are basically determined by~ (1) ; film thickness/' " 

18 (2) film density, and (3) cell diameter, it is apparent 

19 that final film^ thickness is 'substantially*' less '"than" that 

20 - of - the initially cast wet "f ilm 'since as indicated above * 

21 the thickness is reduced in each 'step of the casting / ' 

22 \ operation. The largest reduction must occur ~in the first " 

23 drying zone since from 40% to 75% of the" solvent 'is de-"' ' " 

24 sirably removed. Thus, if a particular thickness bf fin- 

25 ished microcellular : film is to be obtained, the ^initially 

26 cast Vet film must be from 2 to 3 times this thickness. 

27 The upper practical limit of thickness of the finished" 

28 microcellular film of this invention is about ' 20 mils " 

29 This is to be contrasted with foams which are formed by an ' 

30 expansion process. Thus, the thickness of "the foamed ar- 

31 tide and the cell diameter increase during the foaming " 

32 process."- This imposes a practical lower limit' of greater 

33 than 20 mils thickness for foamed articles'. The loVer 

34 practical thickness for these microcellular film Is' 'about ? 

35 1 mil which is far below that attainable by foamihgV 

36 Hence, as a practical matter, the films of this' invention " ' 

37 range from about 1 mil to about 20 mils in thickness . ' r 
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^ z-f. r.z.x.?- i^iijn "density r is' "governed by ^iJie /volume fraction 
2 ^ : ot^e'^cxockiiBt' For~example, J.f-_the volume fraction is 

. 50 , ' then "the" density of the microcellular, film., will be , 
4 50 % "of ^ that* of dense film .^f rom. ^e^same res in . r :T ; The r ^en- v 
5 ;; ' "sity 'of microc^ practical-, jLpwer JLimit : ,of & 

6 E± abo\it 30% of '"the dense film value v , The .^upper limit is* x 

7 about 90% of the dense .film value. . Foams ^by contrast are r 

8 ' usually less than 30% 6f_ the corresponding- dense -article, z 

9 The 'range of cell diameters usefully. employed ; in accordance 

10 with this invention can be. from. .about 0.1 to about 10 mi- 
ll crbns. 0 Although cell sizes, can, be greater or lesser, for 

12 ; most useful" applications, the smallest cell diameter is 

13 preferred'' such as" from about 0.1 to about 5 microns , al- 
14 s " though tliere are somV exceptions : to ;: this rule. ; In any. 

15 event, the mechanical strength , compressibility and tough- 

16 ness' are increased the smaller the. microcells are fori _ 

17 any given film density. By contrast,, foamed articles ■ : 

18 usually* contain . cells having . greater ^than 10 microns di- 

19 ~' ameter " and their mechanical strength, and toughness <_ are low. 

20 The shape and' distribution of the microcells are also im- 

21 portant . " In general , microcellular ^articles , however they 

22 "may be* made, have structures made up of either open or „ 

23 closed cells. Ail of the film of this invention contain 

24 ~ predominantly * isolated spherical closed cells which ^have 

25 ' such^ a uniform distribution that only occasionally do two 

26 cells impinge on one another. By virtue of the essen- 

27 tially "discrete spherical closed cells, the transmission 

28 of ^gases, vapors and liquids are so slow by the film, that 

29 it can be considered to be impermeable when compared to : 

30 send -permeable micrpporbus, membranes and foams. r .:.^ 

31 ■'" *" cellular .filii made from PPA solutions in DMF 

32 were prepared on equipment which is normally used to make 

33 porous "cellulose, acetate film for electrophoresis appli- 

34 'cations./ The equipment consisted of a casting box appli- 

35 cator, a sixty-foot, continuous^ stainless steel, belt,: and, 

36 four chambers equipped to control humidity, temperature . 

37 and the rate of air flow. 
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provisions were als ° incorporated to spray water 
Vrito the moving continuous Velt for the purposes 'of "initial 

3 precipitation and; for washing t&' *' roivW"*rM '\h« ; «£■.* 

4 C ".. C ^ T ^ for ' 

5 Method 1/ T The polymer was r PPA in : "'ioy-c6ncW^ation'' in'"DMF. " 

6 The' humidity was controlled ~at 90-95° in the "f irst Zone? 

7 The* film "initially precipitated due : t o "absorption of water 

8 vapor". ' "Additional precipitation and : splvent removal v was 

9 effected by direct-* immersion J in -"a water bath' 1 f oflbwihg "by 5 

10 drying"/ " — — ~- * S.^r*. :r ;i:;c;:jr 2 

X1 — u n d er thVse Conditions of high 'humidity f "tlie wet '""' 

12 film absorbs wa te~r r vapor rapidly due to " the hydroscopic . ' 

13 nature of"the DMF "solvent ,~ but the absorption^ much slower " 

14 thai?" if "the 'film were - directly" 'ii^rsed^* water J^'Viin» . 

15 - having a uniform cellular structure were ^obtained having : 

16 densities of about 0 .' 45 g. per cubic 'centimeter .-- oi "' 
17. 7 " The belt ' speed varied : from "about ; . 5 6 feet per 

18 minute to "about 2.5 feet per minute. r The : temperature was 

19 about 100 °F. The' air rate i was about 900 : tol^OOcu. ftJ 

20 per minuter- The thickness of the 'wet film varied from " 

21 - abiout 8 'mils to about 20 mils. ' The total" time in 'the oven 

22 ranged from about 6 minutes to about '15 minutes. " Generally * 

23 time periods above v 10' minutes and 'less than '20 minutes '•' 

24 appeared 'to be satisfactory. "-•-' " ' :'.•>., J • :.- 

25 • Subsequent - work -has "been" done ' to '"produce-' cellu- : 

26 lar films which have relatively high densities, i.e., up 

27 to 1.1 gm/cc. 

28 For this, the above-described equipment was 

29 modified somewhat to permit the use of a Method 2 type 

30 approach. It required the addition of heaters to the 

31 first chamber in order to provide for some gradual ini- 

32 tial solvent removal, which is a step required to control 

33 the increase in the density of the film and to prevent 

34 wrinkling. Equipment to spray water onto the moving stain- 

35 less steel belt was installed in the second chamber to 

36 precipitate the film. Water sprays in the third and fourth 

37 chambers were provided in order to wash out additional 
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1 " solvent , e . g . , N ,N-dimethy If ormamide (DMF)^. prior ..to strxp- 

2 " J ping the^film 'of f Jbelt and subsequent drying vic : 

~- *' Passaae of the solvent loaded ..film into an ir- 

4 ^regular water interface produced a. iionuniforin surface,. on^ 

5 * the precipitated ,f ilm w f Therefore , . jan, c air Jcnife^was-Jln- r 

6 stalled which ^ r directed an .air flow downward : onto .the sur- 

7 ~~f ace of the belt : and provided a . relatively uniforin water. 

8 interface t f or- the M wet . f ilm ^to.jpass intp^,, . ^ ^ * 

9 " Although useful microcellular articles in par-; 

10 ticular foams and ..semipermeable membranes have thickness 

11 0.020" have previously .been known, such .structure s have 

12 norbeen found to r have utility as . a .high performance -enrr 

13 gineering ? mater ial : in : thinner , gauges . r ^ By^ contrast ^ they 

14 tend to be. of relatively low .strengrth.^^ For -the. first time , 

15 the microcellular film : of, this invention provide ^materials 

16 in thin gauges. which combine the properties necessary for 

17 high performance engineering materials with some pf the 

18 desirable .characteristics of flight weight 

19 materials. .... Some of /the more important properties are il- 

20 lustrated in .Table I where microcellular PPA-M /s compared 

21 to several commercial . foams and dense : f ilm made -from en- 

22 gineering plastics. The aromatiq.. poly amides , polyimides, 

23 polyhydantoins , polysulf ones and po ly amide- imides ,of : this 

24 invention : have , properties similar to the r PPA films . 
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1 The above data show that microcellular PPA-y f ilm is com- 

2 petitive with a widely used noncellular film for en- 

3 gineering thermoplastics, in"; tensile^streng^h, percent 

4 elongation, tearing strengths and diele^t^ strengths . 

5 on the other hand, the dielectric constant of thejLmicro- 

6 cellular film of this invention is comparable .to '.the very 

7 structurally weak foamed sheetings. ^ The very .low^di- 

8 electric constant is. of "great utility when used^ij elec- 

9 trie insulation for both power and signar transmission. 

10 Thus, the microcellular film of this invention provides 

11 a dielectric insulation which has a desirably low di- 

12 electric constant and at the same time;? high dielectric 

13 and mechanical strengths. Semipermeable: membranes , ^ 

14 although not used for structural or insulation appli- 

15 cation, would be even less useful than foam iif these ap- 

16 plications due to their; high porosity, and low strengths . 

17 Although it is predictable that mechanical . 

18 properties such as modulus and tensile strength will .de- 

19 crease with decreasing density, it was found that these 

20 mechanical properties were not sufficiently diminished 

21 to seriously affect the utility of ^the cellular article 

22 for many applications.;; Moreover, in the? c|se^ of the film, 
.23 the propogating ;tear strength was better thW,that of 

24 the" dense film. 

25 The dielectric constant will decrease with 

26 decreasing density, and therefore, the "dielectric constant 

27 for the cellular products is lower "than that for. the 

28 dense film products. This makes the cellular film more 

29 attractive for use as insulation, e.g., for microwave 

30 circuitry, especially where transmission is to be over 

31 relatively long" distances^; In an analogous fashion, the 

32 lower thermal; conductivity! makes these structures de- 

33 sir able for thermal insulation. / - 

34 as is the case of the de^nse film, the cellular 

35 film also withstands, commercial solder bath temperatures , 

36 i.e., 500°F vs. < 3 0*0 r °F' for foamed sheetings. 



0038885 

- 18 



1 ^ r One important and highly advantageous property of the , : 

2 -.cellular film, as opposed to the dense film is that copper • 

3 •^circuits can be ^electroplated . directly onto the j^ellular . 

4 r f i lm r with much higher peel strengths . for _ the electroplated, 

5 copper, on Jthe cellular film than, on -tke dense film. _ : : 

6 - v For example, -.peel, strengths for copper, electro- < % 

7 deposited on . -the dense, film were" in -toe .range,, of about. r 

8 2.5 to 3.0 pounds per ^inch.. ; __But . peel strtogths^on . copper % 

9 electrodeppsited onto the : microcellip.ar ,film. / were in the • 

10 range . of - about, 8 , pounds p?r inch. \- — 

11 - 1 .v^cr This is an extremely important t aspect of ^the ; - 

12 cellular film which gives it an outstanding, advantage, e 'j 

13 taken in combination with its other properties , over dense ; ^ 

15 " ^ _ No t only are the adhesion values exceeding*Ly . 

16 high for , the electroplated copper -circuit on cellular - 

17 film, and also .laminates -prepared with adhesiv^s but the ; 
18. use«of the cellular, f ilm permits the omission , of a botherr 
19^ some process stepi Thus, before copper, laminated onto ;r 

20 . plastic films which normally contain small quantities of -. 

21 absorbed water can be : . soldered, . the unit must. be. dried, to^ 

22 remove absorbed water. If . it is .not, the absorbed .^ater . 

23 tends to be driven from the. film during the. soldering op- 

24 eration, because of heating of the composite unit. This 
25. rapid generation of steam causes the copper to be de- 

26 laminated from the film substrate. : : . - . 

27 . . ^ ^en the^ cellular film, of . the invention is 

28- utilized, the. copper does not delaminate. It is theorized. 

29 that this is due to the fact that there are numerous micro- 

30 cellular- voids into which the. water can- expand rather than 

31 escaping through the i surfaces. Therefore, delamination 

32 is effectively prevented. .This is an. exceedingly useful 

33 property. :<: . . . ~ * r .> ..t- . ;~ .1-. «>--.. -;•- 

34 These films are. much more flexible t^an, dense 

35 film of the same thickness, which is an advantage for thick 

36 multilayer structures. 
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1 Another important feature of the structures of 

2 the v invention involves "selective surface etching by : strong * r 

3 1 biases or acids. This ^removes the film covering ~the micro- 1 

4 ^VllVr r ei*h >er "complete ly r or* r in de¥ired7" r *The ^ 
5- - ex^^eff micf ocells Tcan i:hen electro or "chemically * : ~ 

6 ; plated' wxth? c far better adhesion.- In r f a f ct , -grooves can ^ 

7 ~-be etched ^irito the '"surf ace ? into which" r conductive metals 

8 cajTbe deposited with excellent adihesion to r the eVposed- 

9 x micf ocells arid with excellent "separation and' insulation 

10 from adjacent conductor-filled grooves. - - ;> - .xr u 

11 All in all, cellular film, because of its com- 

12 bination of ^properties and its relatively low cost, is 

13 an ideal material * for flexible circuits and - flat- conductor ^ 
14 -''cables. ' ^ V - - r :,-^.;c.. - nz .v-r:,v 

15 The preferred structures produced by the practice 

16 of this" invention are' characterized by the presence therein 

17 of a* large number of discrete closed cells. Substantially 

18 ' all^bf these cells'or voids are less than 25 microns / and 

19 1 preferably J less than 2 microns, r 'in size. Most preferably 

20 the cell size is less than* 5 microns. J The average cell 

21 size ' and cell size distribution is governed by the~ condi- 
22" tibns under "which - the structures are made, e.g. , tempera- 

23 ture solvent , antisolvent , polymer*- solids' Content of cast- 

24 ing~ solutions, etc. The range obtainable is from about 

25 0.1 to 25 microns. 1 7 " ^- : -" v 

26 Unless some color-forming material has been in- 

27 eluded in the composition,^ such as a solxable dye, the : 

28 preferred films of this* invention are'opaqtte and off white. 

29 Colored films may be obtained by incorporated small amounts 
36 of dyes. ^ ~ : ' * " : :r -~ V % : ' 

31' v * A^ f ilm : having * an apparent thickness of, for ex- r 

32 amples ,* 10 'mils will have a real" solid thickness which is : 

33 * equal to the sum of r ' the thickness of T each wall' between - 

34 the discrete cells lying along a path perpendicular to * 

35 the outermost planar' surf ace* of * the ! film which may be, 
36 : for example, no more'thari'S mils. * Thus ,* the film is of 
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1 • sufficient: apparent thickness to^ provide -the "retired 
• 2 .amount of , strength .J-"-'- t .-^l..zp..y. : '£~i : *«L : : " .-• 

3 • . .Furthermore, the 'diff^i.^. permit of time of * 

r4. r - a u vapor or : a -^id^ough^ ^aniC^^or^ the" films of 
5 this invention :is far- smaller - than '.e&^£&l£ me m- ' J 

7 , 3:, .. The compbsitibns*- of "ithls ^nVenliio^ a^re' plr&cu- 
8,,-larly useful when -pr ; ecipit^ed W6 ; ;iahric^ ^e'fri fiber 
9, glassy resinous yarns, vegetable^ cellulbsib yarns and 
10 .cords. When these fibers .or' cords^are coaled' with the 

11, : structures of this invention^ ^opaque ^^ate fabric " 

12, is. obtained without the addition of pigmints 4 as "needed 

13 ,in thei fabric heretofore- employed.' ThesV coated' fabrics ' ' 

14 ...have very desirable / flexibiii tyV The fact that pigments 

15 such, as Ti0 2 arelnot needed to obtain; whiteness Tin fibrous 

16 fabrics is quite significant since^thi^has been a problem 

17 in the art due to the adverse ef fee W^hese pigments. have 

18 -.on .the resulting fabrics^ Por^ example , it is known that 
.19 Pigments -such: as T±p 2 weaken the tensile strength of the 

20 fabric* -r?;^r.* . -■ ?/. : ■ 

21 ^.-.^,r ; The- fibers . may be coa€ed Vi^ c iii; compositions ' 

22 of , this invention; by either ;bf thV : first two" methods des- ' 

23 cribed above.. One method found "to be Stable is to dip 

24 , the fibers into a^ solution which' contaiiis resin/ solvent 

25 and nonsolvent in amounts indicated hereinabove. Upon 

26 precipitation a:: fabric having the desired whiteness and 

27 softness is! obtained- without the^. addition of, pigments such 

28 as. Ti0 2 .i. ( •_- ■■■ • . •.- .... 

29 -.Although the ; above ^ discussion .has ^ 

30 ...reference', to " films- as . discrete articles; it .'is to be noted 

31 ; that films in terms- of: surface cbatinga W th unique and ' 

32 important, properties and which ^re^bbnesd to a substrate 

33 can also be produced according io the * technique, of the 

34 invention. ., . .-c::zl • r :.• -r---_. „ 

35 The ; structures of -this invihiion may be formed ' ' 
36,„. as. surface coating fii ms by either of. trie techniques" 
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1 described above... Thus, they may be applied. by extrusion; 

2 brushing/ spraying /"dipping, roller, coating, 2 or- knife 

3 coating followed by \ precipitation and drying. 

-lo " ~ T he * cqmpositions , of - this invention - are particu- 

5 ~ c iarly ^useful when/employed in spray applications . • 

6 Si ^ ; '' ::i '^ "already indicated, compositions of this inven- 

7 tion may be applied as. films to various types of surfaces 
8 - ;;=i or^s^ type whereby ' 
'^T 1 - ^e^tS&'%B^%oi j^/ removed by., a, suitable- method or of the - 

10 '" W^/where^it is adhered, to the. final, substrate such as 

11 the metall1>*CV n . automobile. Among the more suitable 1 sur-" 

12 f aces l^hich l^y/b^ coated with the cellular structures of 

13 this" Invention 'are steel , - treated steel , galvanized steel , 
14 7 r concrete^ glass , fabrics , : fiber glass .wood, plaster = board , 

15 aluldnum/^treated, aluminum , . lead , copper and plastics . ' 

16 The most preferred. surfaces are metals. such as treated 
17 1 steel and treated. aluminum. 

r ^'^piijns formed from 'the compositions of this in- 

19" ' vention\iay .be , air /dried ,, vacuum dried or bake dried at 
20 *~ elevated temperatures . 

21 Although considerable emphasis has been placed 

22 ' on cellular ..film formation and applications, it is an 

23 ■ "improiant feature of .^is ^inventipn- that cellular fibers 

24 of high strength can be produced utilizing the technique 

25 of "the invention. . v.-?. . - -•-'•'- f ' 1 -' 

25 7 - Fibers made by the conventional wet spinning. 

27 techniques of the art are never left in cellular- form, 

28 but are'remelted and oriented in order to eliminate the 

29 cellular structure, which gives rise to fibers having low 

30 "modulus, in this, invention,, the polymers used have such ■ 
31"" a high : modulus that the microcellular fibers can be. used 

32 with only moderate-orientation. ; Ordinarily, orientation 

33 "is used" to improve fiber strength. . ..: 

34 " " This gives rise to a microcellular fiber which ? 

35 can accept dyes readily. Moreover,- .the fiber has the "- 

36 capacity to, absorb moisture. Thus/ it will be comfortable 
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I . in. contact with the. human body. The : capability of ab- 

2., .sorbing moisture is of ten the difference Wtweei" synthetic 
• 3 y.s fabrics ' which ^ feel clammy and natural, fabrics such 
4 . ? .asv cottony the- latter being much" n^relcoinf oSabi«T because'. 
5 -*: ° f -tAeir ; ;.water- absorptive capacity. > Permaneiit press"f ab- : 

6 rics can be made due to the -high softening ^ temperatures '." r 

7 -of; these novel fibers. - . : i;/ * . % 

8 . The microcellurar film^fibers and- other 1 1^ruc-{ 

9 tures can also be electrocoated wi^various /me^ls luch 

10 as. copper, .aluminum, and iher- lifcesin- ttd&ito ' fond -thin- • ' 

II .conductive coatings with, a minimum of coating- -metal. '" ~J 

12 : .. _ ; - Electrocoated structures 5 can be : iised '^n ^ wide ^ 

13 -• variety of: decorative, and utilitarian applications .-'^ These 

14 involve automotive trim, under-the-hood • uses , ' a'nd"" radia- 

15 - tion shields. , .-*-•. £aJ> . Vi - r , ■ ' .; ~ .: ..• 

16 Electrodeposition and ^ chemical ^talizing can ' 

17 also be. used to coat catalytic metals such as palladium, 

18 platinum, nickel, and the. like within : the interstices 

19 of the structure, so that it can be used to form an ex- ; ' 

20 : tremely high surface area, artifical- surface for cohduct- 

21 ,.ing catalytic reactions at relatively, high, temperatures . 
The cellular structures, 6f the invention are also 

highly useful for specialty applications where, highly tena- - 
cious painted surfaces are required. . ' 

The invention is further illustrated by the ' 

26 following examples. 

27 Example 1 

Utilizing the technique and apparatus described 
series of runs was carried out in - the apparatus . ' 
A casting solution was prepared by combining 19.7 weight 

31 percent PPA, 79 weight percent DMF and 1.3 weight percent 

32 of octabromobiphenyl (which is an excellent flame re- 

33 tardant for PPA. film). 

All PPA utilized in these examples was prepared 
from the reaction of HCN with diphenyl methane diiso- 
36 cyanate . 
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23 
24 
25 
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30 



34 
35 
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1 Three rolls of, wet ^f ilm were cast onto" a moving 

2 belt""£rom the^prepared solution, and partially dried in a 
2^'^±±^iait^gJaLx^ pyren at 180 o F.- Upon exiting from the- oven 
4 the^ flim" was /«pidly n precipitated by^ spraying with water , 
5'*'*" ioiiowed" by iranersion iiv. a Ct water bath, and completely dried 

'[ 6" ~^in "'a* circulating. ^ air vr oven . ±r m t . . L , : ^ *^ r * ;;r - 
,7 r frW " a fourth film was cast as a control but-was^not 
8 subjected . to the, water bath so; as k to obtain conventional 
V J ^noncellular product. i^-^yzv-s? ^ •> iJL '' : ' 

10 : resulting level of octabromobiphenyl * in r the 

11 dense film was about 6 weight percent.- Such a level of 

12 flame retardant resulted in an oxygen, index of 32 to 34, " 

13 '"depending on /thickness . and density of. the. film, as can be 

14 ^ seen above ^ ^ , ^^>:j - 

15 : '■■ x '"^~ The casting conditions and resulting, properties 

16 are summarized in Table II. . - : ^ . 
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1 Example 2 - 

2 A casting solution for an aromatic polyamide was 

3 prepared by stirring a mixture of 16 grams of poly(imino- 

4 1 , 3-phenyleneiminocarbonyl-l , 3-phenylenecarbbnyl) 59 grams 

5 of N,N-dimethyl acetamide and 4.4 grams ^of ^lithium^chloride 

6 which is employed so as to facilitate solubilizing the 

7 polymer. A 25 mil wet film was cast onto a glass plate and 

8 placed in a circulating air oven for 20 minutes and at a 

9 temperature of 200 °F so as to partially remove -the solvent. 
The clear film on the glass plate was then immersed in 
water for one hour and thereafter dried at 350°F .for three 

12 hours. A tough, opaque, flexible, nonporous microcellular 

13 film having good physical and electrical^ properties was 

14 produced. \"' v 'i* 

15 Example 3 

16 This Example is illustrative of method 1 des- 

17 cribed above wherein very low density, nonporous , .micro- 

18 cellular film can be obtained by exposing the. f ilii to 
water vapor prior to any drying, i.e.,- the film is not 
partially dried before contact with water. ; % 

21 A 15% by weight solution of polysulfone (from 

22 Union Carbide) , have the structure ^ % ~ y ; _ ^ 

23 
24 
25 

26 was prepared using N,N-dimethyl formamide*. The solution 

27 was cast onto a glass plate and exposed to humid air until 



19 
20 




28 
29 
30 



a microcellular structure was formed as indicated by an 
opaque off-white color. The film was removed after one 
hour and dried at 150°C for one hour. The dried film was 

31 nonporous, microcellular, flexible and tough. 

32 Example 4 I « r- • 

33 a solution of 10 grams of polyhydantoin (Bayer 

34 4089) was dissolved in 40 grams of N,N-dimethyl' formamide. 
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1 A 20 mil thick wet. filn, yas C a3 t . onto, a pyr ex. glass plate - 

2 ^ ^ . an -^?-. ?«Pt, drying, oven-, and Held at 250T • 

3 ..for five minutes. ^ The partial^; dried.! clear film was- im- - 
K^^^ ™?** f ° r .M^>Purs. , ; T he how: opaque- fi^ ; 
5- was removed from the water: and dried 30 minutes at 250-F 

6 _30 n^inute^at.SSO^and^ W >pur Sj at, 400^ - The dried ' 
. 7 fi ^ ; wa ^; r °f a< 5 u f/ nonpprous;,, micrpcelluiar;/ flexible r and . 
8 -tough. \ • "_.:..„. ; : ,\ ....... ..-. '•■ • „._•..'„ '.' ; ...• • 

9 "'-7~-' ■ : ^C:3^"^^ft^.«^ct^ of" the, invention can 

10 have incorporated therein ; a wide variety, of . smailipar^ ' •: 

11 tide additives and/or filler s, 0 The resulting structures 

12 are relatively npnbrittle compared ' to a dense • structure 

13 containing a comparable amount of;, filler or additive. 

14 Illustrative examples of additives are flame 

15 retardants; antioxidants, pigments and the like. 

16 ^ qellular structures will. also be highly 

17 useful as separators, in fuel cells^ whici* do not utilize 

18 alkaline. electrolytes. The high temperature resistance, 

19 strength and ability to-be adhered to inductors such as 

20 metals and carbon as- well" as the. ease, of -electroplating 
21- a strong adherent metal .film to the microcellular: struc- 

22 tures make them uniquely suitable for many fuel cell dn6 

23 battery component applications. • 

24 Furthermore , the ability of lie dense, arid cellu- 

25 lar materials described herein to . both adhere tenaciously 

26 to metals, carbon graphite, etc. , . substrates as well as 

27 their high temperature solvent and corrosion resistance 

28 to virtually all chemical substances except aprbtic sol- 

29 vents and alkalies makes these polymers outstanding ma- 

30 terial for tank linings, pipe coatings and other! thin 

31 film protective coatings. Their low. permeability prop- 

32 erties (denser, film) are also significant in .this appli- 

33 cation. ■ 

Another unique and highly useful application 
of the microcellular film coatings, especially P PA , re- 
lies on the unusual low temperature performance of these 
37 polymers. Thus, coatings for pipes and electrical cable 



34 
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1 ~. ; conduit wraps can be used in extremely adverse low tempera- 

2 ture, .environments'- as ; low as about -268°C/ with "no adverse. 

3 effect. Lt This permits- use with liquid helium and liquid 

4 nitrogen without losing- flexibility and with low dissipa- 

5 - tion factors.. . ~ — ' " ^ ^ _ . ^ 
; . This * permits^ PPA fc (cellular film) '/ to" be used as 
insulating rand < protective ■ '"materials" in low temperature^ 
conductors. Such low temperature conductors are the clear. 



6 
7 
8 

? 

10 in* these environments • 



trend> of the future and ; PPA should play an important role 
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WHAT WE CLAIM IS: ; . , ^ . 

1. A ^shaped, relatively low dens ityY micro- 
cellular solid .polymeric . article, comprising a polymer 
selected ^.frorn aromatic polyparabanic acids, aromatic poly* 
hydantoins, aromatic pqlyamides aromatic polyimides, ; 
aromatic polysulf ones , ^aromatic polyimide- amides ^and ; ; : _ ; , 
combinations thereof, characterized in that the solid is 
made up of closed cells. r 
: 2> An article according to claim 1 characterized 

in that the Article Is" a- fila^/'v -'^-^ * ; 

"3^ An article according to claim i characterized 
in that the article is generally rod shaped with a relatively 
large length- to- diameter ratio?- ^ ^ . v : r :^ ^ ^ 

v: * 4 # An article ^according to claim 3 characterized 
in that said article is a fiber . i: iX ^ .w o~ g. . 

> v * 1 5. ;t A r thin\coatlng;bf ' the article of claim 1 at- 
tached firmly to a substrate/ / : r ' * ' £ - 

6. ArTarticie according to claims 1-5 character- 
ized in that it has .a density of "about 0*3 to 1.5 g. per 

cubic centimeter* 

:t. r.. L^-r-.^^ j.. ■. 

— ^ 7 An article according to; claims 1-5 character- 
ized in that it has a. density of about 0.3^. to 1,2 g, per 
cubic cent line ter.^ 1: : ( r>; •'• 

8. A flexible circuit articlei characterized by: 
- (a)" a structure according to claim 2; and 

(b) -~ a conductive circuit adhered* to said film 
, . v:. o ;.l in a prearranged configuration. 

9. A flexible circuit according to claim 8 : 
characterized -in that said conductive material. is copper, 

-10. An article according to claim 8 or 9 charac- 
terized in that said conductive material has been electro- 
deposited on said film- shaped- article. ; , ' ^ : . ^ 

- 11. An article "according to~claims 1; 2 and 5 or 
6 characterized in that the surface thereof has beerTmetal 
coated for decorative purposes. 
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12. An article according to claim 28 characterized 
in that said metal is chromium or aluminum. 

;; - 13. -An article according to claims 1-9 charac-.v 
terized -in that thV cellular surfaces have- been coated — 
with a thin layer- of a^^catalytic^ material - so that the •re- 
sult trig? art ic le is-- % a? 'siippor ted 'catalyses true ture. ^ ± "wxs 

« '^-'j^;*- An '"art fele 'according to claims 1-13 charac- 
terized in that said polymer is PPA. .^^ ( '. " 

^ article according ^to ; claims xl- 13; charac-;: 
terized in that said polymer is an aromatic, polyhydantoin. 

' " " ^ ^ 16. An article: according tojclaimsil- 13 charac-1 
terized in that said polymer is an aromatic c polyamide. • ^ r 

^17. A method of producing; cellular structures 
according to claims 1-16 charac terized : hy^ the steps of: 

, (a) , forming a solution of said polymeric mate*- 

" *- rial in a solvent for- said material; yr-rf- ;., 

(b) casting said, polymer solution onto a suit- 
^ rE ^-^ - surf ace to f 6mT ah intermediate stage ? 

— y ! 4 c j structure in any" suitable prearranged con- ^ 
figuration or extruding a fiber; 
^ , : - :r ( c ) ^exposing said resulting" structure to an anti- 

;?*>q S , £" a" solvent; r ^ - r - - : : 

(d) precipitating solid polymer "in the presence 
. of said antisolvent; ^ ; : ' h ^ 

; T (O drying said precipitated solid; and 
1 (f)„ recovering said shaped article. 

18.^ A method 'according^ to claim 17 characterized 

in that said antisolvent is water. . : , A , i 

r^j.^'---- --«-.--.■-* ^ ■ . 

; • - -ts 19. /A method according to r claims 17 or 18 "charac- 
terized in. that- said solvent . is dime thy If ormamide. 

/ \ Ir 20; o A method according to claims 17-19 character- 
ized in that at least some '"solvent is evaporated from said 
intermediate stag^ structure prior ^ ^ to exposure of said 
structure, to the antisolvent.. _ / r ,1 1c ^ : - ^ 
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21.. A method according to claims 17-20 charac- 
terized in that r said polymer is polyparabanic acid. , 

~ . 22 • A method.. according, to claims 17-21 charac- 

terized in t that, said suitable surf ace. is a surface in which 
it is intended that the resulting structure will "become 
permanently bonded. 

>i. 23 v;A^ 

in that said • substrate *'is • me tallied r-'^' • 7?-. r . ~ ,c . 

24. A method according-- to claim .22 "characterized 
in that said substrate.- is copper; . 

±25. - A 'method' ' acpoVd&gV^b* ciaini; 22 idhar^acterized 
in" that the subs irate is; % "giaks^ ^ "'"'*=• - r " : -"" : '''' *'"'" 



26. method according ' io ^claim^ 22 characterized 
in that the subs trate "is ceramic. 



• " : 27 *- , ^ me H ho A a ^ co F^S;. tp. claim 22= characterized 
in that said substrate is. a ?6rousl arttelfe.L 

28. A method according to claim 27 characterized 
in that said porous article is selected from wire, wood, 
paper, textiles , non-woyens and other aplastics. 

29. An article according to claims: 1, 2, 6, 7, 
14-16 is characterized in. that it is paper- like in appear- 
ance and is coated with a photographic emulsion. 

30. An article of clothing characterized by 
textiles prepared from -fibers consisting of the article of 
claims 1,3, 4, 6, 7, 14-16. : 

31. As a battery separator, a thin sheet of the 
article of claim 1, 2* 6, 7, or 14-1^ ; 

32. As a fuel cell separator, a; thin sheet of the 
article of clalm : 1, 2, 6, 7, or 14-16. 

33. A photographic paper accordingrto claim 29 
characterized in that said emulsion is a gelatin based 
emulsion. , . 

34. A composite^ semi-conductor article character- 
ized by a film made from a composition according to claims 
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1 2 , 6 , • 7 , or 14- 16 which has adhered to it a 'prearranged 
configuration of a metal oxide: semi-conductor (M0S). s 

35. An article characterized by ; an elastomeric 
matrix reinforced, with an article - according '""to r claims Ij 3, 

6, J ,14-16.- f ,-v;.:-auT-- ~— J •^•--^ ' 

36. A shaped, relatively low 'density non- porous, 
microcellular ; polymer ic article according to claims 1, 2, 

6, 7 ,"l4-16 .characterized.. by. -being from ; about? -1 "mil to - about 
20 mils thick., _ ■ . ■ ^ ^hLr-j^or V «■■'''-' 

37. ^ shaped polymer, according -to claims 1, 2,- o, 

7, 14-16 characterized^ , that it . is ; from about 1 mil to 
about *20 Wis thiik"and" has Y density of about 0.3 to about 
1.5 g/cc, a tensile strength of about ,5000 to about 10,000 

? osi, and an elongation 1 of i; ab^ 'l00% J:o 



38. An article according to claim 37. further 
characterized" by having"' a^ aieYectriTc constant (10 v cps) 
of about 1.5 to 2; 8 and dielectric strength" of about 0.5 
.to about 3.0 KV/mil. : ■ •>> "' r -- 5 ' 
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